Abstract: A novel type of optical polarizer based on silicon-on-insulator sballowly-etched ridge waveguide is designed, fabricated and characterized The present polarizer is compact. broad-band, and easy-fabricated
Introduction
Polarization handling is very important in various optical systems for, e.g., fiber optic communication, optical sensing, and optical signal processing. The devices u ed for polarization handling usually include polari;wtion beam splitters, polarization rotators, and polarizers. Among them, polarizer i one of the basic elements. Conventional polarizer are u ually ba ed on ome birefringent bulk cry tal, however, which i not uitable tor the future on-chip optical y tems. Therefore, people have developed variou waveguide type polarizer in the past decade. The basic principle of the polarizer is making one polarization more 10 sy than the other one. in order to have such polarization dependent loss (i.e., the TE and TM polarization has different leakage losses or absorption losses), people usually use a waveguide with birefringent material tmcture , e.g., an antire onant reflecting optical waveguide (ARROW) structure [I] , metal films [2] , Zn-diffhsed Li b03 waveguides [3] , photonic-crystals [4] , liquid cry tal [5] , etc.
For the conventional waveguide-type polarizers, tJle drawback is the incompatibility of CMOS (complementary metal-oxide-semiconductor) and it i not easy to be integrated with other silicon photonics devices.
On the other hand, it is well known that ilicon photonic ha already become very attractive because of the potential to realize CMOS-compatible photonic integrated circuits, which is very important to have low cost, high volume on-chip optoelectronic systems. The recently developed la ers on silicon (e.g., ilie electrically pumped hybrid lll-V/Si laser [6J) have paved a way for silicon photonics to be used in many field and made it more and more attractive. For a ilicon photonic y tem, a low-co t, broad-band and CMO -compatible polarizer i very desired. Tn order to be integrated with other element in the same chip easily, a pure silicon polarizer is preferred.
Tn this paper, we proposed a pure silicon polarizer based on a shallowly-etched straight optical waveguide. By optimally designing the shallowly-etched traight optical waveguide, tJle polarization dependent 10 s i maximized and consequently a compact polarizer with high extinction ratio is achieved.
2.
Tbe waveguide structure and tbe mode properties A full-vectorial fmite-difference method (FV-FOM) mode solver with the perfect-matched layer boundary condition is used to give a mode analysis. With the FV-FDM mode solver, we can obtain the mode field profile as well the propagation constant for the eigen modes. The leakage loss is then calculated with the formula Lp=20l0glo[exp(-Pankolo»), where Pim is the imaginary part of the propagation constant for the fundamental mode, i4> ©Optical Society of America i the wave number in vacuum (ko=21£/Ao), /0 i the unit length (here /0=1 111m). Fig. I (b) and I(c) show the calculated mode profile of the TE fundamental mode (TEo) and the TM fundamental mode (TMo) for the case with wlr=4.15�1111 a an example. Here the etching depth is cho en as hr=140nm (i.e., 20%H). One sees that the TEo mode i imilar to the regular one, which ha a dominant x-component (Ex) and a minor y-component (Ey) Fig. I (b) , it can be seen that the TMo mode ha a ignificant x-component a well as a y-component. This i due to the asynulletry of the optical waveguide, which makes the polarization hybridization [7] . Furthermore, from the profile of the x-component of the electric-field, one sees that there is a strong radiation, and consequently there a large leakage 10 ,which i a little imilar to that ob erved in an OJ Thin-Ridge Wavegllide [8). Fig.  2(a) , it can be seen that the leakage loss increases slightly as the trench width decreases, which is easy to understand by making the ridge waveguide equivalent into a multi-layer slab waveguide, which includes two low-index claddings (corresponding to the trench regions), a core layer (corresponding to the ridge regions), and two outermost layers with the same index as the core. When the low-index claddings are not thick enough, the waveguide becomes leaky.
For the TMo mode, one sees that the behavior is more complicated than the TEo mode. For a given core width (woo=O.8-1.6�), the leakage loss changes quasi-periodically as the trench width Wb" varies and there are several specific trench widths Wb"j to have a local maximal leakage loss. For the waveguide with a larger core width woo, the quasi-period becomes larger. When the etching depth is very shallow (e.g., hr-140nm in the present case), the maximal leakage loss is close to 120dB/mm when choosing the optimal trench width and the core width.
Since the leakage loss for the TEo mode is very different from the TMo mode, it is a promise way to realize a polarizer with a high extinction ratio in a simple way. Fig. 3 shows schematic configuration of the present polarizer, which consists of a straight waveguide defined by two trenches. The two trenches tapered to be wider at both ends. We use the standard processes (including the IN lithography, the ICP etching, etc) for the fabrication of the present SOl polarizer. In order to characterize the fabricated devices, we use the measurement setup shown in Fig. 4 , which includes a free-space optical system for polarization-controlling to have a polarized input light with a high extinction ratio. The extinction ratio of input polarized light at the input side could be to 40dB. 1In, respectively. The trench width is WIr=2.0JUll . Here the coupling losses from/to the chip are not excluded. It can be seen that the loss of the TMo mode is much higher than the TEo mode, as expected from the calculation results shown in Fig. 2 . The present polarizer also shows a broad-band response (> lOOnm). Fig. 5(c) shows the extinction ratio for the polarizer with different rib width Woo. The solid curve is the calculation result while the circles are the measured one. It can be seen that they agree well with each other. Both the calculation and measurement show that there is a maximal extinction ratio around Wco= 1.21lffi .
Conclusion
In this paper, we have designed and fabricated a novel optical polarizer with very simple structure by using a straight SOl shallowly-etched ridge waveguide. Both calculation and measurement results show that the TM fundamental mode has much higher leakage loss than the TE fundamental mode. The measured extinction ratio is as high as 25dB over a lOOnm wavelength range for a Imm-long polarizer.
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